. HR-MS negative ion spectrum of sodium pyruvate-d 3 , where the top value over each peak represents the exact mass; the bottom value represents the peak integral. Scheme S2. Synthetic scheme for preparation of bromopyruvic acid.
Phosphoenolpyruvate (PEP)
O
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Sodium pyruvate (1.5 g, 13.6 mmol) was suspended in the anhydrous carbon tetrachloride, CCl 4 (30 mL). Concentrated sulfuric acid (0.9 eq., 12.2 mmol, 0.67 mL) was added drop-wise.
Prior to the administration, bromine was dried with concentrated sulfuric acid. Thus, Br 2 (2 mL) and concentrated sulfuric acid (4 mL) was mixed in a vial equipped with magnetic stirrer. After 10 min of vigorous stirring, stirring was stopped. Layers were separated and the top layer (sulfuric acid) was removed. Second portion of sulfuric acid (4 mL) was added, and the previous two steps were repeated.
Resulting anhydrous bromine (0.95 eq., 12.9 mmol, 0.67 mL) was added drop-wise to the pyruvic acid solution. After 24 hours, the colorless solution was evaporated under reduced pressure, and the residue was resuspended in CCl 4 (20 mL). It was evaporated, and the residue was extracted with anhydrous THF (3 × 10 mL). Combined extracts were concentrated, and crude bromopyruvic acid 2 was used without further purification in the next step. Scheme S3. Synthetic scheme for preparation of potassium phosphoenolpyruvate (PEP).
Trimethyl phosphite, P(OMe) 3 , (1.2 eq., 16.3 mmol, 1.9 mL) was placed in a three-necked round-bottom flask equipped with a reverse condenser. Solution of crude bromopyruvic acid 2 in THF (20 mL total volume) was added using glass syringe during the next 2 hours, under mild warming above 40 °C.
S6
The above solution was left overnight at RT and evaporated under reduced pressure for 4 hours. The viscous residue was dissolved in H 2 O (20 mL) and left stirring at RT overnight. After that pH was adjusted to 2.7 with aqueous solution of KOH. It was filtered and evaporated in vacuo (for 1 hour). The resulting viscous oil was resuspended in water (~50 mL), filtered, and the filtrate was evaporated under the reduced pressure.
The resulting viscous oil was redissolved in water (8 mL) and ethanol (60 mL), and it was added in several portions. Crystals were collected, washed with ethanol and dried in vacuo for 1 hour, furnishing potassium phosphoenolpyruvate 2,3 3 (1.45 g, 7.0 mmol, 52% over two steps). 
Potassium 1-
13 C-phosphoenolpyruvate-d 2 (1- 13 C-PEP-d 2 ) H H O 13 C OH O H 1) D 2 O, 100 o C,
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Sodium 1-13 C-pyruvate-d 3 4 (1.9 g, 16.6 mmol) was suspended in the anhydrous carbon tetrachloride, CCl 4 (30 mL). Concentrated sulfuric acid-d 2 (0.9 eq., 14.9 mmol, 0.81 mL) was added drop-wise.
Prior to the administration, bromine was dried with concentrated sulfuric acid-d 2 . Thus, Br 2 (2 mL) and concentrated sulfuric acid-d 2 (4 mL) was mixed in a vial equipped with a magnetic stirrer. After 10 min of vigorous stirring, stirring was stopped. Layers were separated and the top layer (sulfuric acid-d 2 ) was removed. Second portion of sulfuric acid-d 2 (4 mL) was added, and the previous two steps were repeated.
Resulting anhydrous bromine (0.90 eq., 14.9 mmol, 0.77 mL) was added drop-wise to the pyruvic acid solution. After 48 hours, colorless solution was evaporated under the reduced pressure, and the residue was resuspended in CCl 4 (20 mL). It was evaporated, and the residue was extracted with anhydrous THF (3 × 15 mL). Combined extracts were concentrated and crude bromopyruvic acid 5 was used without further purification in the next step.
Scheme S6. Synthetic scheme for a large-scale preparation of mono-potassium 1-13 C-
Trimethyl phosphite, P(OMe) 3 procedure; the top value over each peak represents the exact mass, and the bottom value is the peak integral value.
3. Monitoring % PHIP conversion using ex situ NMR spectroscopy: pH study
Preparation of buffered PEP solutions (blank PHIP precursor) at 'low' concentrations
Stock solution (500 mL) was prepared by dissolving PEP (0.0025 mol, 0.515 g) and Na 3 PO 4 (0.125 mol, 4.715 g) in D 2 O (300 mL) in a glass beaker equipped with magnetic stir bar. The solution was transferred to a volumetric flask and adjusted to 500 mL volume. Fractions of the S23 stock solution (50 mL each) were adjusted to a desired pH using small volumes of NaOD solution and a pH meter.
Preparation of buffered PEP solutions (blank PHIP precursor) at 'high' concentration
Stock solution (250 mL) was prepared by dissolving PEP (0.015 mol, 3.092 g) and Na 3 polarizer, where molecular hydrogenation with hydrogen (H 2 ) gas occurs.
Preparation of buffered 'high'-concentration 1-13 C-PEP-d 2 6 solutions (PHIP precursor)
The solution (50 mL) was prepared by dissolving 1-13 C-PEP-d 2 6 (0.0015 mol, 0.314 g) and 
